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(54) Conveying device with plurality of running motors 



(57) A top and a bottom running motors 16, 18 are 
provided in a stacker crane 4, and a running speed pat- 
tern is set such that a motor subjected to heavier loads 
from an elevating and lowering table 8 outputs a prede- 



termined torque. The present invention provides such 
control that the heavier-load-side running motor outputs 
the predetermined torque, so that the performance of 
the running motors can be maximized for running with 
a high acceleration and deceleration (Fig. 1). 
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Description 

Field of the Invention 

[0001 ] The present invention relates to control of run- 
ning of a conveying device with a plurality of running 
motors. 

Background of the Invention 

[0002] The applicant has been developing a stacker 
crane including running motors at its top and bottom and 
which can run at a high speed. In such a stacker crane, 
when an elevating and lowering table is elevated or low- 
ered along a mast, loads on the top and bottom running 
motors vary. 

[0003] It is an object of the present invention to control 
a plurality of running motors taking into consideration 
variations in loads on the running motors caused by 
movement of a support section for a conveyed article. 
[0004] It is an additional object of the present inven- 
tion to reduce the amount of time for running by causing 
a stacker crane with the running motors at its top and 
bottom to run with a high acceleration and deceleration. 
[0005] It is an additional object of the present inven- 
tion to enable the stacker crane to run with a high ac- 
celeration and deceleration by positively utilizing the 
movement of the support section so that a time zone 
when the running motor is accelerated or decelerated 
overlaps easily a time zone when the support section is 
located in a area where the loads are balanced between 
the plurality of running motors. 

Summary of the Invention 

[0006] The present invention provides a conveying 
device comprising at least two running motors disposed 
at an interval and a motor for moving a support section 
for a conveyed article in a direction substantially at a 
right angle to a running direction, the conveying device 
being characterized by further comprising control 
means for controlling the running motors so that an out- 
put torque from a heavier-load-side running motor 
meets a predetermined condition for loads distributed to 
the at least two running motors depending on a position 
of the support section in the right-angle direction. 
[0007] The substantially right-angle direction refers 
to, for example, a substantially vertical direction in the 
case of a stacker crane, and refers to a lateral direction 
with respectto a running direction in the case of an over- 
head traveling crane, that is, a direction substantially at 
a right angle to the running direction in a horizontal sur- 
face. The magnitude of loads on each running motor 
means the ratio of the loads on the running motor to a 
performance value of the running motor such as its rated 
output torque, that is, the relative value of the level of 
the loads as determined with reference to the perform- 
ance of the running motor. Further, the predetermined 



condition to be met by the output torque from the run ning 
motor is, for example, the ratio of the output torque to 
the rated output torque. Moreover, if the ratio of the loads 
to the performance of the motor or the like is balanced 

5 between the two running motors, it is said that the loads 
are balanced. If the ratio is not balanced between these 
running motors, it is said that the loads are unbalanced. 
[0008] Preferably, the conveying device is a stacker 
crane comprising the running motors at a top and a bot- 

10 torn thereof, and the control means controls the top and 
bottom running motors so that the heavier-load-side 
running motor provides an output torque of a predeter- 
mined value. 

[0009] Further, preferably, the control means includes 

15 means for providing such control that the support sec- 
tion is moved from a position where the loads are bal- 
anced between the running motors to a position where 
the loads are unbalanced therebetween and that the 
movement of the support section is delayed when the 

20 amount of time for the movement in the right-angle di- 
rection is equal to or smaller than the amount of time for 
the running. The delay means the delay of the start of 
the movement or a decrease in acceleration or deceler- 
ation compared to normal operations. 

25 [001 0] The present invention focuses on variations in 
the distribution of the loads to the running motors de- 
pending on the position of the support section. For ex- 
ample, with a pair of running motors, when the support 
section approaches one of the motors, the loads on that 

30 motor increase, whereas the loads on the opposite mo- 
tor decrease. Thus, the present invention controls at 
least two running motors so that the output torque from 
the heavier-load-side running motor meets the prede- 
termined condition. 

35 [0011] Consequently, the present invention provides 
various effects. If, for example, the device is to run at a 
high speed, and if the predetermined condition for the 
output torque is determined so that a maximum output 
torque can be obtained while avoiding overloads, the 

40 device can run with a maximum acceleration and decel- 
eration without overloading the running motors. Thus, 
the conveying device operates more efficiently. If the ob- 
ject is to avoid overloads on the running motors, the pre- 
determined condition for the output torque may be se- 

45 lected so as to avoid overloading the motors. The 
present invention provides control in response to varia- 
tions in loads on the running motors, thus obtaining var- 
ious effects such as the capability of running with a high 
acceleration and deceleration and prevention of over- 

50 loads. 

[0012] The present invention is applied to a stacker 
crane, which must particularly run at a high speed, and 
control is provided such that the heavier-load-side run- 
ning motor provides an output torque of the predeter- 
55 mined value. Consequently, the device can be run with 
the maximum acceleration and deceleration without 
overloading the heavier-load-side motor, thus reducing 
the running time. 
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[0013] In the present invention, if the support section 
moves from the position where the loads are balanced 
between the motors to the position where the loads are 
unbalanced therebetween, and if the estimated duration 
of the movement of the support section is equal to or 
shorter than that of the running, then the movement of 
the support section is delayed to extend a range in which 
the running motors can be controlled with a high accel- 
eration and deceleration, thereby further reducing the 
running time. 

Brief Description of the Drawings 
[0014] 

Figure 1 is a side view showing an embodiment of 
a vertical running driving stacker crane. 
Figure 2 is a block diagram showing a section for 
generating speed patterns according to the embod- 
iment. 

Figure 3 is a flow chart showing an algorithm for 
generating speed patterns according to the embod- 
iment. 

Figure 4 is a view showing an example of a running 
speed pattern and an elevating and lowering speed 
pattern for a case in which an elevating and lower- 
ing table elevates or lowers from a state where its 
loads are balanced between a top and a bottom run- 
ning motors to a state where the loads are unbal- 
anced therebetween. 

Figure 5 is a view showing a reference table con- 
taining speed patterns. 

Figure 6 is a front view showing a variation of an 
overhead traveling crane. 

Detailed Description of the Preferred Embodiments 

[0015] Figures 1 to 6 shows an embodiment of the 
present invention and variations thereof. 
[0016] Running rails 1 and 2 are disposed in an auto- 
matic warehouse, in a stocker in a semiconductor plant, 
or in another site. The running rail 1 is installed on the 
ground, while the running rail 2 is installed on the ceiling. 
4 is a stacker crane and 6 is a mast. A conveyed article 
10 is loaded on an elevating and lowering table 8 that 
elevates and lowers along the mast 6, and is then con- 
veyed from one shelf to another in the automatic ware- 
house, the stocker, or the like, or from a station to a shelf. 
12 is a ground cart and 14 is a ceiling cart, respectively, 
which run along the -running rails 1 , 2, respectively. 16, 
18 are running motors for the respective carts 12, 14. 
Further, 20 is an elevating and lowering motor for ele- 
vating and lowering the elevating and lowering table 8 
along the mast 6. 

[0017] The distribution of loads to the running motors 
16, 18 will be described. 

[0018] The ground running motor 1 6 is responsible for 
accelerating and decelerating the ground cart 12, the 



elevating and lowering motor 20 and a portion of the 
mast 6 which is closerto the ground. The ceiling running 
motor 18 is responsible for accelerating and decelerat- 
ing the ground cart 1 4 and a portion of the mast 6 which 

5 is closer to the ceiling. Which running motor is respon- 
sible for the elevating and lowering table 8 and the article 
1 0 thereon depends on the position of the elevating and 
lowering table 8. If, for example, the elevating and low- 
ering table 8 approaches the ground cart 12, the loads 

10 on the ground cart 12 increase, and if the elevating and 
lowering table 8 approaches the ceiling cart 14, the 
loads on the ceiling running motor 18 increase. 
[0019] In the embodiment, the object is to drive the 
running motors 1 6, 1 8 so as to provide an output torque 

15 of a predetermined ratio or less to a rated output torque 
having a predetermined value. Furthermore, when out- 
put torques from the running motors 16, 18 are at the 
same ratio to the predetermined value, it is said that the 
loads are balanced. A point where the loads are bal- 

20 anced may approximate an intermediate point between 
the ground cart 12 and the ceiling cart 14, but in fact, it 
does not necessarily need to be the intermediate point. 
[0020] For example, the rated output torque for the 
ground running motor 1 6 may be higherthan that for the 

25 ceiling running motor 1 8, and the mast 6 may be rigidly 
coupled to the ground cart 12, whereas it may be elas- 
tically coupled to the ceiling cart 14 via an appropriate 
spring or damper, or the like. This is to avoid overloads 
on the couplings between the mast 6 and the carts 12, 

30 H if there is a slight difference in speed between the 
ground cart 12 and the ceiling cart 14. Thus, the rated 
output torques for the running motors 1 6, 1 8 are not the 
same and the carts 12, 14 are attached to the mast 6 in 
different manners, so that the loads are not always bal- 

35 anced at the intermediate location between the ground 
cart 1 2 and the ceiling cart 1 4. As shown in Figure 1 , the 
height of the top surface of the elevating and lowering 
table 8 is represented by a variable (y) that is zero at a 
point where the loads are balanced between the top and 

40 bottom running motors 16, 18. The upper limit of the var- 
iable (y) is defined as (m), and Its lower limit is defined 
as (-n). 

[0021] Figure 2 shows a control section 22 for the run- 
ning motors 16,18 and the elevating and lowering motor 

45 20, The control section 22 may be provided on the stack- 
er crane or separately therefrom. A running destination 
is input to a control system for the running motors, and 
a running load distribution evaluating section 24 evalu- 
ates how loads are distributed to the top and bottom run- 

50 ning motors 1 6, 1 8, to determine the loads on the run- 
ning motors 16, 18. A running speed pattern generating 
section 25 generates a running speed pattern such that 
a running motor subjected to relatively heavy loads op- 
erates to provide a predetermined output torque of a 

55 predetermined ratio to the rated output torque. An ele- 
vating and lowering speed pattern generating section 26 
receives the input of an elevating or lowering destination 
to generate an elevating or lowering speed pattern from 
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the current position of the elevating and lowering table 
8 to the destination. 

[0022] A matching section 27 compares the generat- 
ed elevating and lowering speed pattern with the gen- 
erated running speed pattern to delay the start of the 
elevation or lowering of the elevating and lowering table 
8 when, for example, the duration of the running is long- 
er than that of the elevation or lowering and when the 
elevating and lowering table 8 moves from a position 
where the loads are balanced between the top and bot- 
tom running motors to a position where the loads are 
unbalanced. On contrary, the start of the running is de- 
layed when the duration of the elevation or lowering is 
longer than that of the running and when the elevating 
and lowering table 8 moves from a position where the 
loads are unbalanced to a position where the loads are 
balanced. The comparison between the running speed 
pattern, and the elevating and lowering speed pattern 
as executed by the matching section 27 enables the 
height position of the elevating and lowering table 8 to 
be substantially determined at each point of running, 
and on the basis of this height position, the distribution 
of running loads is reevaluated during the running proc- 
ess to regenerate a running speed pattern. Further, an 
elevating and lowering speed pattern is regenerated so 
as to correspond to the delay of the start of elevation or 
lowering. In this manner, the operation of generating a 
running speed pattern and an elevating and lowering 
speed pattern and matching them is repeated. Once 
these patterns have reached a desired accuracy, in oth- 
er words, once the generated speed patterns have sub- 
stantially converged to the extent that the estimated run- 
ning time can no longer be reduced in spite of the re- 
peated process, the generated speed patterns are de- 
termined as final ones, and the motors 1 6 - 20 are con- 
trolled in addition to a running driving section 28 and an 
elevating and lowering driving section 29. 
[0023] Figure 3 shows an algorithm for generating a 
running speed pattern and an elevating and lowering 
speed pattern. The stacker crane receives a convey- 
ance instruction for conveying an article from one point 
to another. The control section disintegrates this instruc- 
tion into two parts, that is, the operation of running from 
the current position to a conveyance start point without 
any load and elevating or lowering to receive the article 
and the operation of running/elevating or lowering, after 
receiving the article, to the destination and delivering the 
article. The weight of the article may be evaluated in 
terms of the presence of the article or may be evaluated 
in terms of a large number of levels by describing it in 
the conveyance instruction (step 1). Subsequently, the 
elevating and lowering speed pattern generating section 
26 in Figure 2 generates an elevating and lowering 
speed pattern from the current position to the destina- 
tion (step 2). Further, the running load distribution eval- 
uating section 24 in Figure 2 appropriately assumes a 
pattern of the height of the elevating and lowering table, 
and based on this pattern, determines the distribution of 



the loads to the running motors during a running process 
(step3). 

[0024] For example, it is assumed that the height of 
the elevating and lowering table is initially fixed at inter- 

5 mediate coordinates between the height of the current 
position and the height of the destination. Moreover, af- 
ter the matching, the height of the evaluating and low- 
ering table is determined relative to the time based on 
the evaluating and lowering speed pattern of the elevat- 

10 ing and lowering table and taking into account the delay 
of the start of the operation of the elevating and lowering 
table, thereby determining the loads on the top and bot- 
tom running motors at each point of time. 
[0025] The running speed pattern generating section 

is 25 in Figure 2 generates a running speed pattern such 
that a running motor subjected to relatively heavy loads 
provides an output torque of a predetermined value 
such as a predetermined ratio to the rated output torque 
(step 4). In fact, the distribution of the loads to the run- 

20 ning motor varies with the elevation or lowering of the 
elevating and lowering table, but the variations in the 
position of the elevating and lowering table are taken 
into consideration after the matching. During the subse- 
quent acceleration or deceleration, the loads from the 

25 elevating and lowering table is preferably substantially 
balanced between the top and bottom running motors. 
Thus, if the duration of the elevation or lowering is short- 
er than that of the running by a predetermined value or 
more, and if the loads move vertically from a position 

30 where they are balanced to a position where they are 
unbalanced, the start of the elevation or lowering is de- 
layed (step5). Although not shown in the drawings, if the 
duration of the running is shorter than that of the eleva- 
tion or lowering by the predetermined value or more, and 

35 if the loads move vertically from a position where they 
are unbalanced to a position where they are balanced, 
the start of the running is delayed. The process of de- 
laying the start of the running, however, may be omitted. 
[0026] Once temporary elevating and lowering speed 

40 pattern and running speed pattern have thus been ob- 
tained, the process from step 2 to step 5 is repeated on 
the basis of the elevating and lowering speed pattern 
and running speed pattern obtained, and it is checked 
whether or not the running time can no longer be re- 

45 duced (step 6). Then, if the elevating and lowering 
speed pattern or the running speed pattern cannot be 
substantially changed in spite of the process from step 
2 to step 5, the above patterns are assumed to have 
converged and are determined as final ones. Then, the 

50 elevating and lowering motor and the running motors 
are driven using these patterns. 
[0027] Figure 4 shows an example of the elevating 
and lowering speed pattern and the running speed pat- 
tern obtained. In this example, the duration of the ele- 

55 vation or lowering is shorterthan that of the running, and 
the elevating and lowering table moves from a position 
where the loads are balanced between the top and bot- 
tom motors to a position where the loads are unbal- 
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anced therebetween. Thus, the start of the elevation or 
lowering is delayed by a delay time (z). Since the move- 
ment of the elevating and lowering table is delayed at 
the start of the running, the elevating and lowering table 
remains longer at the position where the loads are bal- 
anced between the top and bottom running motors, thus 
making it possible to increase the acceleration of the in- 
itial running. Further, the elevating and lowering table 
reaches later the position where the loads are unbal- 
anced between the top and bottom running motors, thus 
making it possible to relatively increase the decelera- 
tion. Moreover, the acceleration and deceleration for the 
running motors is controlled so that the heavier-load- 
side running motor provides an output torque of a pre- 
determined value, so that a maximum acceleration and 
deceleration can be obtained without overloading the el- 
evating and lowering motor. Accordingly, the device can 
run from the current position to the destination with the 
maximum acceleration and deceleration without over- 
loading the running motors. 

[0028] Although, in Figure 3, the running speed pat- 
tern and the elevating and lowering speed pattern are 
determined for each conveyance instruction, these 
speed patterns may be determined when the stacker 
crane is installed and may be stored in a table so that 
the table can be simply referenced during actual con- 
veyance. 

[0029] Figure 5 shows such a reference table 30. The 
data in the reference table 30 is described for each com- 
bination of the current shelf address or the like and a 
destined shelf address or the like, and contains accel- 
eration (a) and deceleration (b) for the running motors 
as well as a delay time (o) for the start of running and a 
delay time (z) for the start of elevation or lowering. The 
elevating and lowering pattern is set such that with the 
elevation and lowering delay time (z) specified, the start 
of elevation or lowering is delayed by the (z) and such 
that an elevating and generating pattern is subsequently 
generated using predetermined acceleration and decel- 
eration. Further, the acceleration (a) and the decelera- 
tion (b) are common to the vertical pair of running mo- 
tors. The acceleration (a), the deceleration (b), the run- 
ning delay time (o), and the elevation and lowering delay 
time (z) are determined for each combination of the cur- 
rent position and the destination by means of the proc- 
ess in Figure 3, and are then stored in the reference ta- 
ble 30 beforehand. At this time, the presence of an ar- 
ticle is not taken into account, and the weight of an article 
on the elevating and lowering table is set as loads. Cor- 
rection factors (f1), (f2) and the like are described in the 
table for each rank of loads; and the acceleration (a) or 
deceleration (b) and the acceleration or deceleration of 
the elevating and lowering table are multiplied by the 
correction factor for correction based on the weight of 
the article. This eliminates the need to generate an ele- 
vating and lowering speed patter or a running speed pat- 
ter for each conveyance instruction. 
[0030] In the embodiment, a kind of repeated approx- 



imation is executed to determine an optimal running 
speed pattern, but the method for generating a speed 
pattern is arbitrary. Further, the embodiment shows the 
running control for the stacker crane, but the present in- 

5 vention is equally applicable to any device that has at 
least a pair of running patterns and also has variations 
in loads in a direction substantially at a right angle to the 
running direction. Such an example is shown in Figure 6. 
[0031] In Figure 6, 40 is an overhead traveling crane, 

10 42 is a beam thereof, and 44, 45 are a left and a right 
rail members. The beam 42 is run along the rail mem- 
bers 44 and 45 by means of running motors 46 and 48 
and running wheels (not shown in the drawings). 50 is 
a hook, and 52 is a motor for hoisting the hook 50. 54 is 

15 a traverse-motion motor for traversing the hook 50 or 
the like along the beam 42. In this case, for example, 
the position of the hook 50 along the beam 42 is repre- 
sented by a variable (y) and a point where loads are bal- 
anced between the left and right running motors 46, 48 

20 is defined as a zero point. Then, if the traverse motion 
of the hook 50 executed by the traverse-motion motor 
54 is considered the elevation or lowering of the elevat- 
ing and lowering table in the embodiment, the embodi- 
ment is applicable to this overhead traveling crane in 

25 exactly the same manner as described above. 



Claims 

30 1 . a conveying device with plurality of running motors 
comprising at least two running motors disposed at 
an interval and a motor for moving a support section 
for a conveyed article in a direction substantially at 
a right angle to a running direction, the conveying 

35 device being characterized by further comprising 
control means for controlling the running motors so 
that an output torque from a heavier-load-side run- 
ning motor meets a predetermined condition for 
loads distributed to said at least two running motors 

40 depending on a position of the support section in 
said right-angle direction. 

2. A conveying device with a plurality of running mo- 
tors according to Claim 1 , characterized in that 

« said conveying device is a stacker crane comprising 
the running motors at a top and a bottom thereof, 
and said control means is configured to control the 
top and bottom running motors so that the heavier- 
load-side running motor provides an output torque 

50 of a predetermined value. 

3. A conveying device with a plurality of running mo- 
tors according to Claim 1 or Claim 2, characterized 
in that said control means includes means for pro- 

55 viding such control that said support section is 
moved from a position where the loads are bal- 
anced between the running motors to a position 
where the loads are unbalanced therebetween and 
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that the movement of the support section is delayed 
when the amount of time for the movement in said 
right-angle direction is equal to or smaller than the 
amount of time for the running. 
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